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1. PROGRISS or m PROJICT ACTIVITY WITH REGARD TO 

COKPU'!BR COLOUR llATCJIIHG AT BTRA 

1.1 Computer Colour Matching Program 

A computer colour aatching program has been created 

based on the type of spectrophccometric match using 

the least square approach. The objective of this 

method is to minimise the spectral reflectance 

differences between the standard colour and the 

match prepared by a suitable combination of dyes. A 

correction program h;.s also been created to correct 

for any difference in colour between the standard 

and the match. A correction matrix based on 

perturbing the tristimulus values with respect to 

dye concentrations is being used. All the programs 

were written in BASICA language. 

1.2 Data Base Preparation 

a) Disperse ~·es 

About 50 disperse dyes from various dyestuff 

suppliers including Sandoz, Hoechst, Jaysynth 

Dye Chem., and Indian Dyestuff Industry were 

used for this detabase. The dyes were applied 

to texturised polyester fabric by means of a 
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high temperature (130°C) beakers dyeing machine 

at 6 concentration levels up to Jt depth using a 

uniform dyeing method for all dyes. 

b) Reactive Dyes 

About 16 cold type reactive dyes (Procion M) 

from ICI were used for this database. The dyes 

were applied to cotton poplin woven fabric using 

a jigger by exhaustion dyeing. 

c) Vat Dyes 

About 17 vat dyes from the Indian Dyestuff 

Industry were used for this database. The dyes 

were applied to the cotton poplin woven fabric 

using a pad (pigment) jig (reduction) method. 

These calibration dyeings were measured for spectral 

reflectance data using the Match Scan II 

spectrophotometer from 400 to 700 nm at 20 nm 

intervals. The measured data were being keyed into 

the computer colour matching program in the second 

stage. This information together with the 

corresponding spectral data for the standard allowed 

the program to predict recipes from various 

combination of the dyes in the database that may 

match the standard colour with varying quality. 
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1.3 Fastness Eyaluation 

All the dyes in the database were subjected to 

fastness evaluation with respect to washing and 

light fastness. For disperse dyes, sublimation 

fastness testing was also carried out. All the 

fastness testing results were found to be similar to 

that quoted by the dyestuff suppliers. 

1.4 Compound Shades 

Compound shades prepared from 2 dyes and 3 dyes 

combinations were used to test the accuracy of the 

colour matching software. 
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2. WORlt PERFORMED AT BTRA 

2.1 Lecture Series 

An intensive inteqrated lecture series was 

conducted to members of the project team as well as 

scientists from other section of the BTRA. The 

following is the module topics. 

a) Introduction to Colour. 

b) CIE System of Colour Specifications. 

c) Uniform Colour Space and Colour Difference 

Evaluation. 

d) Colour Measuring Instrumentations. 

e) Basic Principle behind CCM. 

f) Algorithms for CCM. 

g) Practical Implementation of CCM. 

h) Precautions & Limitations of CCM. 

i) CCM with Fibre Blends. 

2.2 Group Discussions 

Special topics of interest on various aspects of 

colour measurement and CCM were discussed with 

members of the project team, other members of BTRA 

as well as invited experts from the research 

institutes and the industry. 
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2.3 Qemonstration and Practical Implementation. 

Problems of CCM with fibre blends were demonstrated 

with specially prepared samples. Merits and 

dis-merits of alternative methods for CCM with fibre 

blends were intercompared. The Chong•s method was 

presented in details with regard to both the 

principle and the practical implementation. Please 

refer to Appendix I for further details with regard 

to CCM with fibre blends. The project team had 

carried out the skeleton data base preparation under 

the expert's supervision. Demonstration on the 

identification of fluorescent samples as well as the 

evaluation of its true reflectance were carried out 

on the Match Scan spectrophotometer. In addition, a 

computer aided design software was also demonstrated 

to show its potential value in printed fabric 

design. 

2.4 pyblic I.ectures 

Two public lectures were arranged by BTRA. They 

were "Measurement and Control of Colour for the 

Textile Industry" for members of the Textile 

Association and "Colour Measurement and Computer 

Colour Matching" for members of BTRA. An additional 
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public lecture on •Advances in the Practical 

Applications of Colour Measuring System for the 

Textile Industries• was arranged by ~he Colour Group 

of India and the Association of Chemical Technology. 

2.s Technical Visits 

To provide a better understanding of the local 

textile industries, BTRA erranged a series of 

technical visits to the following places. 

a) Department of Chemical Technology, University of 

Bombay. 

b) Wool Research Assocation. 

c) Jay Group of co. 

d) The Hindoostan Spg. ' Wvg. Mills Ltd. 

e) The Standard Mills Co. Ltd. 

Lecture and consultation was also given at some of 

the visits. 
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3. BECOMMEHDATIOKS 

3.1 Reco .. en4ations on Byaluation of Calibration Data 

Bank 

3.1.1 Coloration Process 

It is advised to evaluate the repeatability 

of the individual dyeing process prior to any 

&ajor production of calibration dyeing. 

The repeatability of the dyeing process can 

be affected by the following factors. 

a) Preparation of the process ingradients 

(i) Variation in water quality such as 

hardness. 

(ii) Variation in colorants and 

auxiliaries standardisation, 

moisture content, weighing and 

dispensing method. 

(iii) Variation in substrate 

pretreatment, moisture content, 

weighing and dyeability. 



- 12 -

b) Coloration Proce~s 

(i) Variation in process conditions 

such as L.R., pick up condition; 

pH, exhaustion dyeing curve, or 

fixation conditions. 

(ii) Variation in aftertreatment such 

as washing off and drying 

conditions. 

c) Machine 

Variation in machine conditions such as 

variation in material running speed and 

flow and reversal 

solution. 

of the coloration 

The repeatability of the dyeing process 

can be evaluated by repeat dyeing of both 

,;ingle shade and compcund shade on a 

short term (e.g. weekly) basis and a 

long term (e.g. monthly) basis. The 

average of the colour differences 

measured between each repeat dyeing and 

the first dyeing gives a quantitative 

indication of the short term and the long 

term repeatability of the dyeing process. 

The result provides indication of the 
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degree of confidence in preparing 

additional calibrati~n dyeings with data 

that can substitute the earlier 

calibration dyeings which are only 

partially successful. The result also 

provides indication of the degree of 

confidence in the improvement in 

correction dyeing as well as for setting 

pass/fail tolerance. This work should 

also be extended to evaluate the 

correlation bet~~~n the calibration 

database and that of the practical 

situation. 

3.1.2 Cclour Measurement Process 

It is advised to evaluate the accuracy and 

precision of the Match Scan II 

spectrophotometer prior to the measurement of 

the calibration dyeings. 

a) Accuracy 

(i) Photometric Accuracy 

This can be evaluated 

the Match Scan II 

by setting 

in the 

transmission mode and measure the 
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spectral transmittance of standard 

filters (e.q. neutral density 

filters and amber filter) and 

comparinq the results with the 

correspondinq calibrated values. 

(ii) Wavelenqth Accuracy 

This can be evaluated by settinq 

the Match Scan II in the 

transmission mode and identify the 

wavelenqths of peak absorption of 

standard filters (e.g. didymium 

filter and holmium filter). 

b) Precision 

Here, we are interested in the short term 

as well as the long term repeatability of 

the Match Scan II spectrophotometer. The 

precision performance of the Match Scan 

II can be evaluated by repeat colour 

measurement of a set of stable colour 

standards such as the BCRA colour tiles 

on a shurt term and long term basis. The 

average colour difference measured 

between each repeat measurement and the 

first measurement provide a qua11titative 

indication of the Match Scan II precision 
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performance. For accurate computer 

colour aatching, it is necessary to 

maintain the spectrophotometer precision 

throughout the period of the 

spectrophotometric measurements of the 

calibration dyeings, the standards, the 

laboratory corrections, the production 

trials and the final production. 

If in the 

communicate 

future, BTRA 

with their 

wish to 

clients• 

spectrophotometric measurements. 

reproducibility Evaluation of the 

performance among both the BTRA's and the 

clients• spectrophotometers should be 

carried out in a similar manner. 

BTRA may also wish to participate an 

international programme in the precision 

evaluation of colour meaDuring instrument 

organised by the MCCA in U.S.A. on a 

routine basis. In this programme, all 

participating members will receive 

identical stable colour material and the 

measurement results will be intercompared 

by the MCCA body and a report will be 

issued to each member. When BTRA having 

gained such experience, BTRA may wish to 

organi•e •imilar activity for its members 
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within India at a auch lower cost. 

3.1.3 Accuracy of Calibration Dyeings 

Good calibration dyeings information is a 

pre-requisite for accurate computer colour 

aatching. In these calibration dyeings, one 

should include the highest concentration 

being practically used: select finer steps in 

the region of high concentration due to the 

non-linearity (K/S vs C) normally encountered 

in this region and the blank dyeing should 

also be carried out to determine the K/S 

values for the substrate. It is found that 

the highest concentration used by BTRA is 

normally 3% depth and the concentration 

increment steps are the same for all dyeings. 

It is recommended that BTRA should 

investigate whether they should vary this 

conditions with reference to the criteria 

given above. 

The accuracy of tii .. calibration dyeings can 

be evaluated by the following means. 

a) Visual inspection 

b) Inspection of spectral curves 

c) Inspection of K/S Cone. plots 

d) Self-prediction using other calibration 
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points 

e) Control dyeings 

BTRA has evaluated the fastness 

(washing, light and subliaation) 

properties 

of their 

selected dyes for calibration dyeing~. BTRA 

should also evaluate whether the dyes are 

fluorescent or ther•ochroaic. If the dye is 

fluorescent, it is a usual practice to avoid 

any fluoresce~t dye in the recipe unless it 

is absolutely necessary. This is because the 

Kubelka-Munk theory behind the computer 

colour matching does not account for any 

fluorescent emission. Further, the 

instrument set up conditions strongly affect 

the measurement result. The Match Scan II 

spectrophotometer is equipped with a tungsten 

hologen lamp which creat a lot of heat when 

illuminated into the sphere containing the 

colour sample. Those thermochromic samples 

may change their colours on exposure to heat 

duri&•q colour measurement and hence wrong 

data are being recorded. 

3.2 Recommendations on the Match Prediction Program 

3.2.l Data Base Program 
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BTRA has written a program in BASICA to 

process the measured calibration dyeing data. 

The following points would be useful to 

improve its efficiency. 

a) Colour Gamut Plot 

For a given dye class, it would be 

convenient for the users to make dye 

selection if a L*, a*, b* plots is 

created for all the individual dyes 

around the standard. 

b) K/S vs C Plot 

The present K/S vs c plot is highly 

compressed. For more convenient 

inspection, the scale should be adjusted 

accordingly such as in the form of Log 

K/S vs Log c. This will also allow the 

lower concentrations to be inspected 

easily. With this plot, the deviation of 

the individual points from the linear 

regression fit can also be served as a 

diagnostic tool to assess the accuracy of 

the calibration dyeings. 

c) Spectral K/S Plot 
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A program should be created to show the 

spectral K/S plot which is another useful 

diagnostic tool. 

d) Database Classification 

Since BTRA is going to provide central 

service for t.he local industries: the 

database will eventually grow to a very 

large population. Proqram should 

therefore be developed to classify the 

database according to 

substrate/process/dye class/user. 

e) Data Base Editing 

Program should be available to edit the 

database including the colorant price 

information. 

3.2.2 Match Prediction Program 

a) Basic Method 

There are two important methods for 

computer colour matching i.e. the 

spectrophotometric match based on the 

least square approach and the tristimulus 

match based on vector addition with 
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derivative weighting. For the commercial 

system for formulation, it is more common 

to use the method based on tristimulus 

aatch since the computation time is less 

and the aatching principle corresponds 

closely to the practical situation where 

aetaaeric matches are pre-dominant. This 

method aay also be extended to yield 

aatcbes of low metamerism by adding extra 

colorants to match the tristimulus values 

under another source. On the other hand, 

spectrophotometric match aims to minimise 

the spectral reflectance differences 

between the standard colour and the match 

without paying attention to the colour 

matching conditions such as lighting and 

the visual aspect as is being done in the 

tristimulus match method. It is 

recommended that al'RA should compare the 

performance of the present adopted method 

based on spectrophotometric match with 

that based on tristimulus match. 

b) First Approximation 

In the first approximation of the 

prediction for the recipe concentrations, 

BTRA uses the 1\ depth of the database as 

the starting concentration to determine 
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the specific K/S values. It is advised 

that BTRA should compare the results with 

the aethod based on the middle 

concentration of the calibration series. 

c) K/S Data For Match Prediction 

In BTRA's program, the mean specific K/S 

values of the calibration dyeings is 

being used for all subsequent recipe 

prediction calculation after the first 

approximation. 

BTRA should 

It is recommended that 

replace this method by a 

interpolation technique to 

K/S quantities with dye 

non-linear 

relate the 

concentrations for each set of 

calibiation dyeings for better accuracy. 

3.2.3 Correction Program 

BTRA uses the correction method based on a 

correction matrix obtained by perturbing the 

tristimulus values by small changes in the 

individual dye concentration. The correction 

accuracy of this method can be improved by 

incorporating correction factors derived from 

recipe ot the first match and recipe 

predicted tor the first dyeing. This method 

was detailed in the lectures given to BTRA. 
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3.2.4 Others 

a) Programming Language 

BTRA's prograa iD wirtten with IBM BASICA 

which is a BASIC interpreter. The 

program execution speed can be further 

improved by a •ore versatile language 

such as a compilable BASIC language. 

b) Spectrophotometer Interfacing 

At the present moment, BTRA's program is 

a standalone program that the spectral 

information measured from the 

spectrophotometer has to be keyed into 

the separate personal computer in order 

to execute the match prediction program. 

This will not only slow down the match 

prediction process but also creat 

unnecessary data input error. It is 

absolutely necessary that the ·Match Scan 

II' spectrophotometer be interfaced 

directly to the personal computer so that 

the program can be 

operation of the 

used to control the 

spectrophotometer as 

access the measured 

In this aspect, both the 

well as to 

information. 
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incerf acing software and hardware have to 

be sought from Milton Roy Ltd. 

c) Program Format 

At the final stage of the program 

develo~ment, the program format, which is 

at present command driven, should 

preferably be modified to a more user 

friendly format such as the menu driven 

type with various graphic presentations. 

Please refer to Appendix II for 

information on recent innovations of CCM 

system. 

3.3 Recommendations on CCM central service 

implementation P-recautions 

3.3.1 Variation in the Coloration Process 

Materials and Conditions. 

Any variations in the coloration process 

materials and conditions between the 

primary calibration dyeings and the 

production dyeings will lower the 

accuracy or th~ mcsLc:h prediction. 

Common variables include the substrate 

dyeability, dye strength, water quality, 

auxiliaries, processing conditions and 
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dyeing aachineries. It has been found 

that ainor variations could in general 

be corrected by aeans of the correction 

factors during the correction procedure. 

In the case of aajor variations, a new 

priaary calibration dyeings has to be 

created for the new conditions for 

successful implementation of CCH. 

Examples are un-mercerized cotton versus 

mercerized cotton, filament polyester 

versus ~pun stapled polyester, 

exhaustion process 

process. 

versus continuous 

3.3.2 Selection of Dye Recipe 

A major advantage of CCM 

availability of large 

recipes for matching the 

is the 

alternative 

standard 

colour. For best prediction 

performance, one should avoid selecting 

recipes with dyes having properties 

deviating from the Kubelka-Munk theory. 

Examples are highly interactive 

incompatible dyes, fluorescent dyes, and 

thermochromic dyes. For best dyeing 

repeatability, one should select recipe 

with the primary colorants located r,~se 

to the standard colour in the colou~ 
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On the other hand, consideration 

also be qiven to factors like 

price, fastness, and dyeing performance. 

3.3.3 Repeatability of Coloration Process 

Through a number of consultation 

meetings with the local textile 

processing factories arranged by BTRA, a 

major problem encountered is the poor 

repeatability of the coloration process 

due to the poor conditions of the dyeing 

machineries as well as the lack of 

precaution measures to control the 

coloration process. Poor repeatability 

implies practical deviations from the 

conditions used to creat the primary 

data base and hence lower the accuracy 

in match prediction. Remember the 

famous computer term 'GIGO'. Garbage 

information being fed to the computer 

system will eventually generate garbage 

ouput. 

It is therefore absolutely necessary to 

educate the local textile processing 

factories with regard to the 

significance of the repeatability of the 

coloration proce3s for successful CCM 
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application. In this aspect, the 

follow:ng actions are recomm~nded. 

a) Demonstration 

It would be worthwhile to carry out 

a project to show the local 

factories the effect of the 

coloration repeatability in 

calibration coloration, laboratory 

coloration and production coloration 

under controlled conditions and less 

controlled conditions, on the other 

hand, on the accuracy of CCM. 

b) Model Factory 

Select a local model processing 

factory with good process control 

performance for a specific 

coloration process and provide the 

necessary BTRA CCM service. 

Demonstrate the performance of the 

match prediction obtained alongside 

with the various unique advantages 

of the CCM system. 

3.3.4 Data Security 
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Providing a central CCM service to 

members of the BTRA also means a large 

collection .::>f various proprietary 

information range from the colorant 

prices to the details of the coloration 

process. Any leakage of such vital 

information to the third party will lead 

to serious consequence. BTRA should 

therefore pay specical attention to 

assure perfect data security during the 

implementation of central CCM service. 

3.3.5 Seminars 

Once the preparation work for the 

provision of central CCM service is 

ready, seminars on the following topics 

should be held for all BTRA members to 

familiarise them with details about the 

background and the operational aspects 

of CCM service. 

a) Brief discussion on the 

principle of CCM. 

b) Benefits of CCM. 

c) Impl'-mentation of CCM. 

d) Precautions and limitations of 

CCM. 

e) Operation of BTRA's central CCM 
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service. 

Seminars should be provided to both the 

management as well as the application 

engineers. However, more emphasis on 

the benefits and the limitations of CCM 

should be given to the management. 



4. 

- 29 -

PROSPECTS 

When the BTRA's central CCM service approaches maturity, 

BTRA aay consider the following activities to strengthen 

its technical position and service to •embers of BTRA. 

4.1 Workshop Training 

A regular workshop traininq course on 'CCM for the . 
Textile Industry: Theory & Practic~:._1?.!J offered to 

the Indian textile industry. This course should be 

designed to introduce the basic principle of colour 

measurement technology and shows how to apply them 

in the colorant formulation with textile substrate. 

Attendees will get hands on experience with the 

colour and appearance measuring equipments as well 

as the practical implementation of CCM. A typical 

course should consist the following modules. 

a) Introduction on colour. 

b) Colour order system. 

c) Colour difference calculations. 

d) Colour measuring instrumentations and 

procedures. 

e) Principle of CCM. 

f} Practical procedure of CCM. 

g) Limitations of CCM. 

h) Selection of c~~ systems. 
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i) Laboratory practice. 

4.2 Monitoring Agent for Colour Measuring Instrumentation 

There are at present about so CCM or standalone 

colour measuring systems in India. There are at 

present no organisation in India acts as a central 

body to monitor the reproducibility and accuracy of 

these colour measuring systems. 

this role as a service to 

industry. 

BTRA may consider 

the India textile 

4.3 Integration of Textile Design System and CCM System 

Various ways of different accuracy has been devised 

t~ communicate colour. These includes the use of 

general colour names, the use of colour order 

systems with a systematic collections of colour 

standards sampling the colour space and the use of 

CIE system. Of these methods, there is no doubt 

that the CIE system provides the highest accuracy. 

One drawback of the CIE colour specification system 

is the abscence of the real physical colour 

accompanying the numeric specifications. Otherwise, 

it would be useful as a colour development tool by 

designers for styling application for example. Such 

drawback has been, to some extent, overcome by the 
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development of the coomputer aided design system to 

include the capability of colour synthesis and CIE 

colour specification for communication. Though such 

development is still in the preliminary stage yet 

the application value is tremendous as such system 

can ·be integrated to a CCM system for match 

prediction of selected colour design as well as for 

distant colour communication. Since the current 

BTRA project will eventually install a computer 

aided textile design system and a CCM sytem, further 

research in such integrated direction is worth 

pursuing. 
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5. COllCLUSIOll 

A very active programme has been conducted during the one 

aonth expert •ission to BTRA, India. The programme 

includes the progress review of the project team: an 

integrated lecture series on colour aeasurement and CCM: 

laboratory deaonstrations: detail group discussions on 

the problems and solutions of basic colorimetry and CCM 

implementations as well as CCM program algorithm 

improvement. The programme is also participated by other 

members of the BTRA as well as invited experts. Special 

topic on both the theoretical and practical 

implementation of CCM with fibre blends is also 

rigorously treated. Both parties have agreed that the 

present UNIDO expert mission is a very fruitful mission. 
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UPQDIX I 

DI ACC1JRACJ 

COllPU'l'BR COLOUR QTCllillG 

WITR 

PIBRE BLENDS 



REPRINTED FROM 
~, - ,, ... -

TEXTILE 
ASIA 
1HE ASIAI TEX1IE I APNllL IDfTll.Y 

The accuracy of CCM with 
fibre blends 
By T .F. Chong 

Compu1er Colour Matching has proved las -=curate wi1h blends tMri on 
.... component fibres. The problems ..................... methods discuaed 
-.d • me1hod proposed - p1per presetl18d 1D the r9C1nt Textile lnstmne 
Cont ... ce on Computers in the World of Textiles 

Ahhoup the basic method of colour masuramat was 
esublished more lhan half a c:aatury aao. oaJy dmillg lhc 
lat IS years has lhc application of colour masumamt 
become particularly subswltial and sipifacant. thanks to 
tbe adftllCIC of computer tccbnology ud the malution 
in equipment design. This hu ~d colour ICicllce 
from a scientific exercise in lhe research laboratory to a 
widely med commercial and industrial tool. 

Amoac lhe applications of colour mcasuraneat. lhe 
use of computer colour matching (CCM) has played a~ 
important rok. In textiles aad olha fields lhc main objcc· 
tiw al CCM is lhe calQl&atioft of colorant conccatntioas 
aec:aary for matching. Because of the speed and •wail· 
ablity al lhe multiple choices of chc prcdidcd recipes. 
COi an pro'fide optimum ud economic recipes. 11141 is 
lhcref'orc more attnctift 1han the uaditioaal apprOlcb. 
based on trial and enor. 

Application of the CCM technique has been quite 
successful on sin1Jc<0mponmt fibres. The basis of CCM 
for latilcs rdics on the ere of Kubclk-Munk lhcory. The 
author has dcmonslratcd this ccduliquc under CClfttrollcd 
and less controlled conditions. A cypical step by step 
approec:h of CCM is Wustrated hy lhe flowchart in fig. I. 
As time ps by. 1hc textile market for linllc fibre sub­
strate is padually being rcplac:.ed by substrates of fibre 
blends for the purpow of unique physical properties or 
for economic reasons. For example. we can improwie handle, 
strenJlh or lustre by blending the fibre concerned wilh 
cxhcr types of fibre. Nonnally, in the case of the color•· 
lion or fibre blends, the indivtdual type of fibre has to be 
dyed with differential classes of dyes. This presents some 
problems lo the CCM technique. 

:;·~·~;i;;;;;·: :;;e;;;;;;;:········: :;;;;;;;;;;:·······: 
_..II' C.-C ·•M• .... -J-... l••ry ......... .-J• .. rl•9"' ......... .. ............................. .............. .. ................ . ........... ........................ .. .......................... .. 

I •• .,we..., 

I • • ••••••••••••••••••••••• 
---•-------.r1•1t •tC• .•·»·-·-·. T6'.l.-CC .. 

• •CfLICt...C.C .. • I. eel_, ••""••.-.:• .. ........................ • a ... , .... ,, •• 
····~··············~·:::. 
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F.1. Flowc:Nntor~co1----. 

PROBLEMS OF CCM WITH FIBRE BLENDS 

To produc.c a solid shade oo a fibre blaad. lhc individual 
components of the blend should be dyed to 1hc same 
colOUI. The job of CCM is ·therefore to predict dye recipes 
•pantely for cacb fibre component. and lhc resulting 
colours or the dyed fibre components will match the 
standard colour. nc acarracy or such CX:M may surrer 
to a large extent however from certain possible sources of 
enof5, besides the limitations experienced with single 
component fibre CCM. 

• Variation in dyeing cond111ons: This is the clifrerencc 
in the dyeing conditions during the primary calibra11on 
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an predicted for the indmdual component of lhe blend 
separately based on Method I. The choice of recipes is 
limited to the extent that the two recipes for both com­
ponents of lhe blend should contain Ille camsponding 
""matdaed pair" of the dyes. 

A similar method is based oa the use of pre..mcl dyes. 
nc dye manuf'act11Rr supplies physically miud dyes of 
two dams. md when applied to a cicnain fillrc blend 
widl a c:ataiD blend ratio they will dye both components 
to the same colour. 

This method sli1I Im the pom1>le errors mtionecl 
mdcr "'Problems of COi ... thouab the cross-staining may 
be c:amdcd IDOle easily duriaa the comdioll stage. 
F11dhamore the chaice of ~ which is aa important 
attrac1ift feature or COi. ii ftlJ limited. On dlc olha 
.... the .. or pn:mixcd dye: may reduce the enor -
ID ctiffaaac:es in the dyeing caaditioas. since the cab'bratioa 
clyeiDp can be dnelopcd directly onto the fibre-blend. Yet 
dtc .. or this method bas other similar problems. and is 
limited to a specific application proc:css and blend ratio. 
Henc:e Method 3 wiB not be tested apinst other methods. 

PROPOSED METHOD FOR Cr.M WITH FIBRE 
BLEND 

Ill this method the calibration clycinp are mated 
dinctJy onto the blend wida om dye class. and thco this 
process is repeated for the other dye class. The uncl)'cd 
c:omponcnt of the blend is rcmowed by !!l appropriate 
apuatioa process; tbcy are then used as the comctcd 
primary cab"bratioll cl)'eiap. Then rec;pcs are predicted 
llJl9U!cly for tbe indmd3 component of the fibre-bbld. 
mini the comspondin& conectcd primary cab"bratioo 
dycinp. The recipes prcclictcd !Jy tbis data bank are used 
to obtain tbe stained samples or each fibre component. 
finally recipes for each fibre component are adjusted for 
this staining effect. 

This method tries to minimise the errors due to nriation 
in dyeing conditions (e.g. blocking effect) and dlc c:oss­
stainina effect. Furthermore the pure fibres of the indivi· 
dual component of the fibre blend. which is noc llways 
aftilable. are not required for the preparation of the cali· 
bralion dyeinp. 

n. preparation or the data bank to nlluate tbe 
accuracy of Method I and the Prop01Cd Metbod entailecl: 

• Preparation or textile A1bstrates: Pure polyester fibres 
aad pure COiton fibres were spun into polyester yam aad 
cotton yarn mpectiYely. The same polyester and COiton 
ftbra wre l1so miucl in the ratio or 6S:3S and spun into 
a blended yam. The lhree kinds of yam (30s each) were 
IDcliYidually lrnitted into pllin fabrics. They were lhen 
propaty pretreated. 

• Calibration dyeinp - Dispem dyes: 1'larel Tmlil 
clispme dyes were u•d to prepare the calibration dyeinp. 
These include Ter. YeUow lGL. Ter. Br. Reel 4G and Ter. 
Nny Blue BGL. Calibration dyeinp were carried out for 
Ihm dyes at suitable concentration leftls using the Linitest 
Laboratory dydng machine. The liquor to p>Odf ratio was 
J l: I . AU the chemical auxiliaries employed were laboratory· 
made. The dyeinp "" carried out for bolh lhe pure 
polyester and th• blended fabric, the method being shown 
in fig. 7. 

• Calibration Dyetnp - Reactive dyes: Four Drimarcne 
Reactivs dyes were used to prepare lhe nhbulion dyein1s. 
These include Drimarent Rubinole X·3LR, Drimarcne 
Dlscharp Orange X·3LG, Drimarene Blue X·lLR 1nd 
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Fig. 7. Dyeing me1had for ditpene dye on polyester 
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Fig. 8. Dyeing me1hod for raaive dye on conon 

Drimarme N-Blue X-RBL. The preparatory work is similar 
to that of lhe Disperse dyes. The dyeing melhod is shown 
in Fig. 8. 

• Skeleton calibration clyeinp: The calibrition dyeinp 
carried out on the polyester<OCton blend were subjected 
to 1 fibre-separation process to remow the undyed com· 
ponent of the blend. Sulphuric acid (7K) wu used to 
bum out tbe COiton component. while 1 solution of 
Potassium Hydroxide in Etb1nol wu used to bum out 1he 
polyester component. 

COLOUR MEASUREMENTS 

The l.ei• RFC3 spectrophotometer wa used for the 
maswement of the spectrll reOectancc factors at 20 nun 
inter¥111 in the ranp 400 to 700 nun. It Is calibrated wilh 
the Merck Barium pometry. The specular comFonent was 
induded. Each sample wu measured several times at differ· 
ent areu and directions and at complete opacity. 

fip. 9. 10 and 11 show typical cllibration dyeing 
curves for the Disperse dye (Ter. Br. Red 4G) beinl appbed 
on to the polyester, lhe bltnd and the dyed skeleton respec· 
lively. Similar information Is pven in fip. 12. 13 and 14 
for lhe Reactive dye (Dri. Discharge Oranp X·JLG). 
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COLOUR STANDARDS FOR MATCHING 

Four colour standards (A-0) were prepared; their 
spectral re8cctance factor cunes are given in Fig. IS. 

Based on the Kubeika-Munk (single constant) theory 
and the established calibration dyeinp data bank, formula­
tions for both components of the polyester-cotton blends 
were created according to Method I and the Proposed 
Method to match the four colour standards. Dyeings were 
carried out oato the blends with a normal two-bath two. 
step process using the same dyeing conditions as of the 
cahl>ration dyeinp. Fmally. colour differences (t~E-ab) 
were measured between the colour standards and the 
cormpooding dyed colours of the blends. These colour 
differences plOYide some indicaticm or the degree or 
1CCUJacy of the methods. 

The spectral reftectance factor cuna of the colour 
standards and their corresponding matchinp for each 
method are gjftn in Figs. 16, 17, 18 and 19 for the 
standards A, B, C and D respectiftly. Tlble I summarises 

~ ~ 
Table 1. Accuracy of CCM on Polyester-Cotton 
Blend Using Method 1 and the Proposed Method 

SldA .... _,C ... D AVE 
PrCIPOl9d Mdlod 0.4 3.8 2A 2.2 2.2 
M9lhod 1 3.5 5.5 3.7 1.7 3.& 

Not•: Tiie colour differences .,,_,9e1 - bes9d on tl'le 1976 
Cillab fqynion, Std. ILL 065 Md 1964 10 degree 

'" lltandMI obterver. ~ 
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the cciour d1fferenets of thtse RYtchinp, for each method 
u~g the 19i6 CIElAB colour difference equatior,. 
standard LllumiJ1ant 065 and 10 degree standard 
.;l>s.:r;;c:r _ 

The average colour difference between the standards 
and the matchings based on the Proposed Method is 2.2 
units, while the corresponding figure based on Method I 
is 3.6 units. The poorer result obtained by Method I is 
expected, as this method suffers from all the dnwbacks 
mmtioned in section 2, whereas the major drawback of 
the Proposed Method is the error involved during the fibre 
separation process. Table 2 compares the two methods 
with regard to the possible sources of error. 

The improvement in the accuracy of the Proposed 
Method ower Method I is expected to be more significant 
in practJce. This is because in utilising Method I i! is 
necemry to create calibration dyeings on the pure single 
component fibres which should be identical to the indivi-

Table 2. Possible sources of errors 

Varinioftof ......... ........ 
alilw•iona 

Y•illtian F ... ,,_ ..... , ...... er- .......... 1Mfi1Me ...... ....... --- ...... .,._ 
~ 

1 Paaiile Possible Poaible Possible 

t..a Lea 
Pnipomd ..-;bi• poaible Po8ible Not possible 

dual component of the fibre-blend for best performance. 
This point bas been taken car- of for this project. However 
it would be ftlY diffJCUI· ... practice, if not impossible, 
for the dya to obtain the pure fibres of the individual 
component of the blends that he is told to colour. • 

THtll• At•• 11 publotllfd by BUSINESS "RESS LIMITED. T1i. v,.. Com"'•te•tl 8111fd1119. 11111 Floor. 30·37 D'Atuof., SlfHI, Ho119 l(on9 "°'"' Addrr11 G "0 lo• tlS. H01>9 Kong. Ttltpllonrt 5-747-.t. 5-747467. 5·747573. Trtu HX 60'75 TEXIA HONG KONG 
C1blt1 "TE •PRESS· HONG KONG 
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Advances in the rractical Applications 

of colour leasuripq systea 

for tll• Textile Ip4uatries 

Dr. T.I'. Chong 

1. I11'1'1tODOCTIOB 

The foundation for quantitative colour specifications is 
not available until the early thirties. In 1931, the 
International CoJ11DiS$fOn2 on Illwnination (CIE) had 
recommended a system\ I\ ) for the specification of 
colours. Nevertheless, this method was not popularly used 
in the commerce and industries mainly because of the 
complex procedures involved. However, with the advances 
in computer technology, better understanding of the colour 
science, and the revolutio~ in equipment design, the 
application c~ colour measurement technology in the 
commerce and industries has now been widely accepted. 
This paper summarises the major developments in the colour 
measuring system since the time of early 70's when the 
colour sensor is interfaced to the computer. The impact 
of such developments on the practical applications in the 
textile industries is discussed while the future prospects 
of the role of colour measuring system in the direction of 
large scale integration of colour production system is 
highlighted. 

2. COLOOlt llEASURIBG SYS'l'ZIS 

A colour measuring system ~onsists of the colour sensor, 
the computer hardware and the computer software. It is 
further divided into two major types, the 
spectrophotometer type and the tristimulu& colorimeter 
type. The fundamental data being measured by the former 
is reflectance factors or spectral transmittance while the 
later r.easures for CIE tristimulus data directly. These 
devices are now interfaced to computers for the purposes 
of equip~ent control, data processing, data transfer, data 
storage and data communication. 
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3. DBVBLOPUlft'S 

3al. Colour Measuring Syst .. 

The aajor developments 
aeasuring system since the 
including the illuminating 
and the detector system. 

in the structure of colour 
70's fall in a number of areas 
system, the sample compartment, 

The conventional system utilises tbs tungsten lamp or the 
continuous light emitting xenon arc lamp. In some 
instruments, the tungsten halogen lamp is now augmented 
wit.~ an uv lamp in order to boost up its uv power to 
provide a better fit to that of the CIE D65 illuminant for 
the evaluation of fluorescent samples. On the other hand, 
the relatively less stable Xenon source is now in the form 
of a pulsed xenon arc lamp with a more compact size. 

Integrating sphere remains the popular sample compartment. 
Some equipment manufacturer claim better repeatability by 
using diffuse/exact o degree geometry instead of the more 
conventional diffuse/8 degree geometry. On the other 
hand, O degree/45 degree circumferential viewing ;_s also 
used for textured sample measurement. Traditionally, the 
integrating sphere interior wall is coated with barium 
sulphate which has good diffusing and relecting power 
though it is easily contaminated. Recently, it has been 
replaced by Halon which has similar diffusing and 
reflecting properties yet the maintenance is easier. It 
is difficult to measure small samples using the older type 
equipment because of the large sample port and area of 
view. Now, most equipments prov~des optional small area 
view lens for the measurement of very small samples of up 
to 1/8 inch diameter. With special optical attachment, 
one can reduce the measurement area to 2 x 2 micrometers 
for special application. 

The traditional photomultiplier detector has been slowly 
replaced by the tiny size solid state silicon-diode 
photodetector array which is positioned accurately in the 
dispersed spectrum so that each detector responds to a 
specific small band of wavelengths. This has made 
possible the measurement of the entire spectral data 
simultaneously for the spectrophotometer and thus 
increasing the measurement speed drastically. The quick 
measurement speed is also important for the development of 
another class of equipment known as non-contact remote 
colour measuring system which can monitor the production 
colour on-line. With the advances in the technology of 
computer and instrument design, the size of the equipment 
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bas been reduced to that of a portable type vbich would be 
useful for field aeasureaents. 

These developments of the colour aeasuring sensors coupled 
with the revolution in computer power and versatility as 
well as their integration bas led to a significant advance 
in the performance of the colour measuring system in teras 
Yi>speed, accuracl4fnd precision as reported by Billaeyer 

and Robertson • Tbe gains in the system performance 
bas great impact in its application area. 

3.2. PRACTICAL &PPLICATIOBS 

The breadth and the depth of the practical applications of 
the cJlour measuring system has increased considerably 
since the 70's. This is primarily the results of 
consistant advances among the information technology, the 
equipment design as well as the science of colour. In the 
70's or earlier, the basic application falls in the area 
of computer colour matching. With the progress in science 
and technology, the applications spread horizontally into 
a number of areas including the colour quality monitoring 
and colour communication. At the same time, the 
individual application area also develops vertically in 
depth. 

3.2.1 computer Colour Hatching 

Although the fundamental concept of match prediction is 
laid down in the early JO's. However, the first 
commercial computer col~ur matching device is not 
available until 1958. This was the Colorant Mixture 
Computer (C?~JC> which was developed by Davidson and 
Hemmendinger • It had not gained extensive popularity 
largely because of its speed and flexibility as the 
computer is an analog version. In the 60's, digital 
computer became available and most leading colorant makers 
installed their system of CCM to service their customers 
as few of them can afford the cost of computer. These 
systems include the Instrumentat6ratch Prdiction system of 
the Imperial Chemical Industry in 196Jt 7 >t~f Computer 
Color Matching system of American cyanamid in 1963, 
the Automatic Recipe Formulation ' Optimalization sy£tem 
in 1964 of Sandoz, Programmed Match Prediction Technique 

::st~ :~ntci~:-G!~!~t 9f~d H~!:ve~~-~~!:! c:~:~!msm:!~:~~~ 
have the disadvantages ot poor accuracy as the fundamental 
colorant calibration data were not made by the user and 
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the colorant f or.ulations generated were restricted to one 
colorant aaker. Further.ore, degree of aetaaerisa was not 
indicated for certain systea. In the late 60's, time 
sharing CCM systea were available in which user can 
develop their ovn data bank. These include t.'1e systems 
developed by the General Electric, IBM, BeckJlan 
Instruaents, and the Applied Color systea. so far, all 
these CCII systeas are abridged i.e. data aeasured on the 
colour aeasuring equipment cannot be transferred to the 
computer directly. In the late 70's, CCM and other 
practical colour aeasureaent applications bas gained wide 
popularity because of the availability of relatively low 
cost aini-coaputers which are interfaced directly to the 
colour aeasuring equipaents. At this tiae, aany users can 
afford to have such an integrated in house CCH systea with 
improved speed and accuracy. 

In the early ao•s, CCH bas reached a new stage with the 
introduction of IBM or IBM coapatible personal coaputers 
(PC). The interfacing of the colour aeasuring sensor with 
the PC aeans a significant decrease in the cost of the CCH 
systea such that the CCH system is no longer a privilege 
of the aedium to large dyehouses but can also be afforded 
by the saaller dyehouses especially in the developing 
countries or for those coapanies which have already owned 
PC. Because of the open arc~itecture of the personal 
computer and the affordable price, the system becomes more 
versatile as there are thousands of third party softwares 
and accessories prepared for all kinds of applications in 
virtually any aspects. At the same tiae, the CCM system 
becomes auch more compact in size. On the other hand, the 
drawbacks with such system are the relatively smaller CPU 
aemory and storage capacity, slower in speed, as well as 
the poorer performance in network environment in 
comparison with the minicomputer version. This has 
rendered the PC type CCM system more or less a personal or 
standalone system where as the ainicomputer type being the 
aulti-workstations system with a much stronger perfYlftfnce 
in network environment. In 1987, the new IBM PS/2 or 
PS/2 ~01tpatible personal computer being supported by the 
0$/2( UJ Operating Sytem (released in 1988) has definately 
narrowed the gap between the two versions of the computer 
systems significantly. Already, a number of equipment 
aanufacturers have already upgraded their PC type CCM 
system into the PS/2 version and the gain in computer 
performance is evident. It is expected further 
innovations in the application of such system are coming 
along particularlt in the direction of integration with 
other related application system. 
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While the coJlPuter technolOCJY advances, innovation in the 
CCII software also happens. The aost evident is that the 
software is written in a auch aore user friendly aanner 
usually in a aenu driven foraat with plenty of help 
aess~ges and colourful graphic interpretations that is not 
available in the early 70's. Other innovations are 
sUllJllarised in the following. 

a) Storage and retrieval of colour standards alongside 
with relevant useful inforaation. 

b) Input of standards can be achieved by a variety of 
aethods. 

c) Assignment of perforaance factors for individual dyes 
for correction of strength variation. 

d) Creation of suitable dyeing groups of compatible 
dyestuff, substrate and dyeing process for formulation. 

e) Varieties of graphical presentations for the assessment 
of the aeasured calibration dyeings. 

f) Automatic queued aatch predictions of 
variable number of dyes per recipe 
pre-assigned standards, dye candidates, 

g) Manual formulation or correction 
of graphical presentations. 

combination of 
based on the 

and tolerances. 
with support 

h) Formulation for the use of surplus dyes or materials. 
i) Correction can be achieved by using original dyes and 

new dyes or their combinations. 
j) Special colour matching program e.g. for blending of 

various coloured fibres for matching. 

The use of CCM is so popular that such service has reached 
the store level in some regions. On the other hand, 
though the technique of CCM has been practiced over1JO 
years, yet there are still a number of liaitationsl • 
The major limitation belYi)the poor accuracy of CCM for 
fibre-blends colorattY9) and for coloration with 
fluorescent colorants 

3.2.2. colour Quality Monitoring 

In the early 70's, the features of using colour measuring 
sytem for colour quality monitoring is basically limited 
to the comparison of standard and samples with respect to 
the caluated colour differences or its individual 
component differences using a variety of colour difference 
formulae. Since the reco•~endation of the CIE CIEi.AB 
colour difference formula in 1976, the use of this formula 
has become a standard for the textile industry. HowevP-r, 
the situation has reversed in the early 80's that a number 
of proprietary formulae as well as some published new 
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f oraulae which claiaed to have better perf oraance are 
being introduced. Innovations in the colour quality 
aonitoring area is sUJU1arised in the following. 

a) Colour pass/fail 

- aultiple saaples can be evaluated against the 
standard colour with various combination of preset 
tolerance of colour difference or combination of its 
coaponents with the support of graphical 
presentations. 
storage and updating of pass/fail tolerances which 
can be adapted to particular situation such as for 
specific custoaer or product. 

- autoaatic generation of pass/fail tolerances based on 
proprietary data base. 

- direct integration with the formulation correction 
aodule. 

- statistical interpretation of pass/fail results. 
- pass/fail classification according to recommendation 

of professional body e.g. SAE 31545. 

b) Colour sorting of dye lots 

The prevailing format of colour sorting is basti4yn the 
Simon method known as the •555• system but 
variations in the shape of the individual colour cells 
in the 555 system and the colour difference formulae 
for sorting have been introduced. Other innovated 
features are the possibility of the reduc~ion of the 
number of the sorted lots by selecting a new ~tandard 
or an optinum standard and ~arying the tolerances 
without re-measurement. In addition, cross check under 
secondary illuminant is possible for the detection of 
metamerism. 

c) Special indices 
Special indices have been developed to assist in the 
evaluation of the visual qualities of samples such as 
the various whiteness indices, yellowness indices, and 
mP-tamerism indices. 

d) Dye strength evaluation 
Standard procedures for relative dye strength 
evaluation h'!s)been worked out by some dyestuff 
manufactYifrs and the Inter-Society Color 
Council • Determination of the residual colour 
difference is also c~Rf•ible after the adjustment ot 
strength at equality • 
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e) Fastness rating 
Methods have beyy,feveloped for the evaluatiif of the 
change in colour and degree of staining for the 
deteraination of fastn~ss ratings by aeans of colour 
difference aeasureaents. However, the success of these 
aethods reaains to be tested. 

f) Colorant solution evaluation 
Spectrophotoaeter equipped with transaission 
aeasureaent bas been traditionally used to evaluate 
colorant solution for quantitative analysis. Further 
developaents in botb the quantitative and qualitative 
analysis have taken place. "l'bis includ!i) the 
aonitoring of dye exhaustion characteristics{ , the 
deteraination of f2bJli~if tY and solution stability of 
water soluble dyes , the evaluation of relf~~ye 
colorant strength based on solution aeay~ifment , 
and the evaluation of foraaldehyde content • on the 
other ~and, it h~s at~i)been used for the investigation 
of dyeing aechanisas • 

3.2.3 Colour co .. unication 

Various ways of different accuracy has been devised to 
co .. unicate colour. These includes the use of general 
colour names, the aethod of designating colours developed 
by the Inter(~gyiety Color Council and the National Bureau 
of Standards , the use of colour order systems with a 
systematic collections of colour standards(2gfmpling the 
colour spay,) such as the Munsell notations , and the 
CIE system • Of these methods, there is no doubt that 
the CIE system provides the highest accuracy. 
Furthermore, one can easily use the CIE colour 
specifications for quick distant communication via 
international telecommunication system. One drawback of 
the CIE colour specification sytem is the abscence of the 
real physical colour accompanying the numeric 
specifications. Otherwise, _it would be useful as a colour 
developaent tool by designers for styling application for 
example. Such drawback has been, to some extent, overcome 
by the ~!~f l9iTent of computer aided visual 
colorimeters for colour synthesis and 
c011J1unication (Computer Aided Colour Communication "CCC") 
that complement with the Computer Aided Design system 
(CAD) nicely. The CCC provides a tool for 
inter-conversion between the displayed colour and the CIE 
colour specifications. However, the success of this 
method requires further research due l99 )a variety of 
technical and visual observation problems • 
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3.Z.t. Other developaenta 

on-line aonitorinq of the colour production quality of the 
continuous dyeing range is also another iaportant 
developaent. Such systea allows real tiae assessment of 
the colour variation froa the standard and statistical 
treataent of the aeasureaents provide trending data that 
signaled an approach to out of tolerance liaits. 
Iaportant features of such aonitoring device is the fast 
aeasureaent speed, non-contact capability, good depth of 
focus, and large area of view. 

As the computer technology advances, better local and 
reaote networking for the colour measuring system is 
possible. Local networking can support as many as 12 
working stations. Networking may also be used to 
integrate the CCM system with the other important units of 
the entire colour production process. 

t. 

In general, the development in the colour measuring 
equipment is quite discrete and standalone. During the 
growth of the colour measuring equipment, other coloration 
related equipments have also been developed. These 
include the Computer Aided Design system (CAD), the 
Computer Aided Colorant Dispensing system (CCD), and the 
computer Aided Process Control system (CPC) which includes 
both the automatic coloration and the colour monitoring 
devices. To some extent, partial integration of these 
devices has already been developed particularly in the 
laboratory environment. In the next decade, technology 
development will be in the direction of total integration 
for the purposes of improving accuracy, precision, 
efficiency as well as quick response. The colour of the 
design obtained from CAD-CCC will be transmitted to the 
CCM where the colorant formulations will be predicted and 
the selected recipe will pass onto the CCD for dispensing 
the required amounts of colorants and chemicals into the 
production system where the CPC will monitor and control 
the entire production process. On the other hand, 
Production Management System (PMS) for the coloration and 
finishing industry is available and is another potential 
area for integration. Such an integrated system can 
communicate with another similar system or just a CAD-CCC 
device at another location via computer network or 
telecommunication system. Figure 1 shows the concept of a 
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larqe scale integrated colour production system which can 
interface to other similar systems. 

~. COBCLUSIOB 

In less than half a century, colour measuring equipment 
has evolved from a standalone unit to a computer 
interfaced systea and is moving in the direction of total 
integration. At the same time, the application 
environment bas also evolved from the research laboratory 
to the industry level and bas now reached the retail 
level. The tarqet is to let the usefulness of such device 
to reach the general public in direct contact. Such 
evolution behavior is very similar to the case of 
computer. With the advance in science and technology, 
progress shall continue to move further along these two 
directions in the next decade. 
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